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ABSTRACT:

Obijective: To determine which factors (demographic, symptoms, comorbidities, and treatments)
are associated with recovery of smell in patients with COVID-19 associated olfactory loss.

Study Design: Prospective, longitudinal questionnaires
Setting: National survey

Methods: A longitudinal web-based nationwide survey of adults with COVID-19 associated
smell and taste loss was launched April 10, 2020. After completirg an initial entry survey,
participants received detailed follow-up questionnaires 14 days, anu *. 3 and 6 months later.

Results: As of June 25, 2021, 798 participants met study incluzin, 2:iteria and completed 6-
month questionnaires. Of demographic characteristics only &ne <40 years was positively
associated with smell recovery (p < .003) Of symptoms, di: “iculty breathing was negatively
associated with smell recovery (p < .004), and nasal cor ges.'on positively associated with smell
recovery (p <.03). Of pre-existing comorbidities only pre “ous head injury (p <.017) was
negatively associated with smell recovery. None of .2 queried medications used to treat COVID
were associated with better rates of smell recovery

Conclusions: Age < 40 and presence of na al congestion at time of COVID-19 infection were
predictive of improved rates of smell recover,” while difficulty breathing at time of COVID-19
infection, and prior head trauma predicte worsened rates of recovery. Further study will be
required to identify potential mechanisn .. for the other observed associations. Such information
can be used by clinicians to counse! na.ets suffering COVID-19 associated smell loss as to
prognosis for recovery.



INTRODUCTION

The coronavirus pandemic (COVID-19) continues to ravage the world. At the writing of
this manuscript, roughly 18 months after the first reports of COVID-19 began to emerge, over
200 million people worldwide have been infected, of whom over 4.2 million have lost their
lives." In that time the medical research community has scrambled to better understand this
novel disease and its various and enigmatic presentations.

Some progress has been made in better characterizing one of COVID-19’s most curious
symptoms — loss of smell and taste. Today, loss of smell and taste has become well-recognized
as one of the cardinal symptoms of infection. Over the past year and a half a flurry of academic
activity has better characterized the phenomenon of COVID-associated smell and taste changes,
yielding important advances in understanding the pathophysiology, epidemiology, and natural
history of these deficits.>®

Chemosensory dysfunction is surprisingly common in patien= with COVID-19, with two
recent meta-analyses reporting a roughly 50% prevalence of olfzctor 7 10ss.”® As such, likely
over 100 million (and growing) people have suffered from CC*/1= 29 related olfactory
dysfunction — millions of whom for which it will be a permai ent Jeficit. Fortunately,
reports from varied institutions around the world have dem nstrated a relatively high rate of
recovery of smell and taste loss.> ** Yet despite an ove ‘ali ‘ecovery rate of roughly 80%, little
to nothing is known about the factors that may influence < :ch recovery. As even short term
anosmia can have serious real-world consequences 12* both personal safety and quality of life,
further investigation is warranted.*®

The aim of this study is to analyze d~*~ 1. >m a large, prospectively-collected nationwide
cohort of subjects with chemosensory char aes experienced during the COVID-19 pandemic in
order to determine which factors, if anv, are a>sociated with recovery of smell function.

METHODS

A web-based nationwide su~ey w.as conducted of adults > 18 years of age who had
either been diagnosed with COVIY-19 or experienced a sudden change in smell and/or taste
since January 2020. Recruitme.'t begyan April 10, 2020 through online social media platforms,
and participants received follow '1p surveys 14 days, 1 month, 3 months, and 6 months after
enrollment. Following cor<e: *, patient demographics, symptoms, comorbidities, testing status,
treatment, and smell raco ‘ery status were collected and managed using REDCap electronic data
capture tool.**** Patients were asked to rate their sense of smell as “very good”, “good”, “poor”,
“very poor”, or “absent” - the different time-points, including prior to January 1, 2020
(considered as a pre-COVID-19 baseline). Within this questionnaire, there were multiple
questions regarding demographics (age, race, sex, smoking history, body mass index, and blood
type), symptomatology during COVID-19 (dyspnea, cough, fever, weakness/fatigue, myalgias,
diarrhea, nasal congestion, runny nose, and headaches), pre-existing medical comorbidities
(including diabetes, cardiovascular disease, seasonal allergies, chronic sinusitis, nasal polyposis,
chronic respiratory diseases, neurologic disorders, or history of head trauma), and outpatient
COVID-directed medication treatments.

Subjects were included in the study population if the following criteria were met: a)
reported a change in sense of smell occurring after January 1, 2020; b) a pre-COVID-19 rating of
sense of smell as “very good” or “good” prior to January 1, 2020; c) diagnosed with COVID-19
infection prior to the initial survey; and d) reported their worst sense of smell during suspected



COVID-19 infection as “poor”, “very poor” or “absent”. Recovery was defined as a reply
indicating a smell rating of “very good” or “good” at some time-point after initial smell loss.

All analyses were done using R statistical programming language (version 4.0.3; R
Foundation for Statistical Computing, Vienna, Austria). Continuous variables were summarized
with means, standard deviations, and ranges, whereas categorical variables were summarized
with frequencies and percentages. Simple logistic regression models were estimated to determine
whether each predictor was significantly associated with recovery. Statistical significance was
set a level of 0.05. This study was approved by Virginia Commonwealth University Institutional
Review Board (HM20019186).

RESULTS

As of June 25, 2021, 2,864 individuals enrolled in the stud'/. Over 98% of subjects rated
their overall sense of smell as “good” or “very good” prior to Janua 1, 2020. 1,231 met the
current study inclusion criteria and were eligible to participate ir the 5-month follow-up
questionnaire, of whom 798 completed the survey (response r=:» vt 54.8%).

Table 1 demonstrates the frequency and percentage ¢ res yondents who experienced
recovery (back to “good” or “very good”) from smell loss «" each follow-up questionnaire
timepoint, reaching 79.5% by the 6-month follow-up. The .'emographic variables are listed in
Table 2. Of these, only age < 40 was positively associate * with smell recovery (83.2% vs.
74.5%, p <.003). Race, sex, smoking history, bod', mass index, and blood type were not
predictors of recovery. Patient symptomology c'u.’a0 COVID-19 infection is presented in Table
3. Of these symptoms, difficulty breathing w~s 1.~qgatively associated with smell recovery
(82.3% vs. 73.3%, p < .004), and nasal cor aes’ion positively associated with smell recovery
(with 81.6% vs without: 74.9%, p < .03). The ~umber of symptoms exhibited by each participant
did not correlate with recovery status. “i’-e-existing” self-reported medical comorbidities are
presented in Table 4. Only a history Jt..2ad injury (80.2% vs. 61.3%, p <.017) was negatively
associated with smell. The total nur~he. ~f comorbidities was not associated with smell recovery.
Table 5 lists the medications usec hy participants for treatment during their COVID-19
infection. Neither the number o/ meacations used by each participant, nor use of any particular
medication was correlated with . ~covery status.

DISCUSSION

Reported rates o1 ~2covery form COVID-19 associated olfactory loss vary, though most
studies have found relat’‘:ly high rates of return to normal or near normal function with most
recovery occurring within the first month of loss. Initial publications from Europe and Asia
reported higher rates of recovery. A French study of PCR-tested patients showed 98%
experiencing a complete subjective recovery within 28 days, with mean duration of anosmia near
9 days.'® Workers in the United Kingdom repeated surveys 1 week after initial survey, revealing
that 80% had experienced some recovery, while only 17% remained anosmic.? They also noted a
“plateau” in recovery after approximately 3 weeks, with a 70% recovery rate for those with
anosmia of 3 or more weeks duration. Similarly, a study from Korea using daily phone surveys
of almost 500 newly diagnosed COVID-19 patients showed median duration of anosmia or
ageusia of 7 days, and almost all recovering within 3 weeks.*” By 1 month after loss, Reiter at al.
demonstrated a 71.% recovery rate.® Only a handful of studies have followed recovery beyond
one month. Four studies with the longest follow-up time were Otte et al.'® with average follow-
up of 57.9 days + 1.4, Li at al.’® at 62 days (range 25-95), Stavem? at 117 days (range 41-193)



and Petersen et al.?! at 125 days (45-215) with recovery rates were 54%, 89%, 88% and 84%,
respectively. The current study reports only patients with a minimum of at least 6 months follow
up, and reveals an overall recovery rate of 79.5%, consistent with earlier published reports. Our
restricting inclusion criteria to subjects reporting worst sense of smell as “poor,” “very poor,” or
“absent” — thus excluding subjects with more mild losses, may suggest why our rate of recovery
was lower than some of the above prior reports.

Despite numerous reports describing rates of smell recovery, very little information exists
regarding the factors associated with recovery vs. non-recovery. Few have investigated this
phenomenon, and to date almost no clinical, epidemiological, or laboratory markers have been
identified.”* % In their study of prospectively recruited patients from 3 European centers, Saussez
and colleagues examined patterns of recovery amongst 288 patients within 60 days of onset of
olfactory dysfunction.? In their analysis of both demographic anc clinical (COVID-related
symptoms) factors, the authors found no statistically significant mas.-ars of recovery. In addition
they also found no association between recovery of smell functicn ad viral load on
nasopharyngeal swab testing or COVID-19 severity. Contrari! 1."z«aronidis et al found in their
study of 380 patients (270 female, 110 male) recruited online fror1a community-based cohort
that men were more likely than women (72.8% vs. 51.4%) .~ fully recover their sense of smell.?
Age, race, and smoking status were not associated with imp -oved rates of recovery at 4 weeks.
Both studies, though well done, are limited by relativelv s:>ort follow up and smaller patient
populations that may preclude adequate sub-statist’ ! analysis. Petrocelli et al. presented what
is likely the strongest evidence to date, finding a3e ~ 5J (but no other demographic or symptom
variables) associated with improved rates of *~c¢ ‘ery at 6-months in their study of 300
patients.”

The current study of 789 patients, take™ from a wide geographical distribution across the
United States, includes patients with a mi.nimum of 6 months since the onset of olfactory
dysfunction and represents both the lzco.~t xnown series and that with the longest follow-up to
date. Of the variables examined, fa~toi - nositively associated with smell recovery were age <40
and nasal congestion. Factors neg ‘tive.y associated with smell recovery were difficulty
breathing (during COVID) and «. hiswry of head trauma. Whereas the finding of younger age
likely represents some sort of in ate resiliency to injury and is corroborated by findings from
previous studies, the other #ac.2rs identified in this study warrant further examination.

It is likely that na.al crngestion may be reflective of some patients experiencing
“conductive” olfactory 1. “ses due to nasal congestion caused by their COVID-19 infection. A
study of experimentally *~.duced “common cold” after inoculation with coronavirus 229E
indicated change in sense of smell correlated to the degree of nasal congestion as measured by
acoustic rhinometry.?® It is further interesting that other studies have revealed a rather low
overall prevalence of nasal congestion with COVID-19 infection — on order of 4%,whereas
congestion was reported in about two thirds of our respondents.?” This may have led to both the
observed association of congestion with recovery, as well a higher observed rate of recovery as
comparted with other studies. Of particular interest are those factors negatively associated with
smell recovery. It has been recognized that chemosensory loss is seen, perhaps
counterintuitively, more commonly in more mild cases of COVID.?%% Whereas difficulty
breathing may be a marker for those with more severe disease, in may also result in decrease
nasal and retronasal airflow, thereby decreasing presentation of odorants to the nasal mucosa.
Previous head injury as a predictor may lead credence to the “second hit” theory whereby neural
injury is potentiated by earlier injury.>*3* However, there is very little is known about this



controversial subject in humans, with no known studies evaluating repeat head injury as a risk
factor for loss of smell.

Some findings in the present study are corroborated by similar findings in the literature,
while others are contradicted. Such discrepancies are likely due to differences in study
populations, sample size, methodologies, geography, COVID-severity and total duration of
follow up since onset of symptoms. What remains clear is that despite slight and incremental
additions to the understanding of COVID-19-related olfactory made by this and other studies, it
remains a poorly understood phenomenon. Much like COVID-19 itself, it is unclear if the
disparate clinical presentations are attributable to inherent properties of the virus itself (or its
variants), the severity of infection, innate biophysical properties of the hosts infected, or a
combination of all.

Slightly more is known about the risk factors for some of tie non-chemosensory long-
term sequalae of COVID-19. Meta-analysis shows that 80% of inu. ‘iduals with a confirmed
COVID-19 diagnosis continue to have at least one overall effect oey 'nd two weeks following
acute infection. For these so called “long-haulers” some clini=2! w24 patient-specific risk factors
have been identified, with more invariably to be discovered ¢ ser 1ime. Among those confirmed
by multiple studies are female sex, age over 70, and more v an tive symptoms during the first
week of infection, which were all predictive of prolongsd s, mptoms.3* Why some of the studied
variables seem to predict general recovery but not smell 1. ~overy is a target ripe for further
investigation.

This study is not without limitations. Ou “tury population shows a disproportionately
high percentage of young and female subject=. w.ich therefore may not represent a fair sampling
of the nationwide population of COVID-1": su’ferers. It is unclear if this is a result of the online
social media solicitation used for subject reciitment differentially reaching these demographics,
or reflects differing motivations to comp.te the surveys or ability to access the online survey.
Likewise, limited numbers of non-wbite -espondents precluded more detailed statistical analysis
of the impact of race on recovery of ali »r.ory function. The retrospective nature of such a
longitudinal survey is prone to bo seicction and recall bias and patients with more severe,
longer lasting or persistent symy*oms may be more inclined to participate than those with lesser
or no symptoms. Thus if those €. neriencing complete and rapid recovery of olfactory function
may have been less incline< t¢ *2spond to our initial survey, we would expect actual recovery
rates to be higher than thcse o aserved in our cohort. Nonetheless, despite the lack of objective
olfactory data, it has bee:. well established that patient self-reports of olfactory dysfunction likely
underestimate the true ir~.dence of these deficits.**** As of the writing of this manuscript,
emergence of novel COVID-19 variants (eg. delta, iota, etc.) are spreading rapidly both within
and outside the United States. Precious little is known about the overall clinical phenotypes of
these variants, and at this writing nothing on the potential disparate olfactory effects. At least
for the near future and despite ongoing research by chemosensory groups across the world, it
appears there are more questions than answers.

CONCLUSIONS

Olfactory loss is a common manifestation of COVID-19 infection. Fortunately, almost
80% of those afflicted recover smell function by 6 months after infection. Although little is
currently known about what factors may portend a higher or lower likelihood of olfactory
recovery. This study suggests recovery of function is positively associated with younger age



patients and those with nasal congestion, and negatively associated with difficulty breathing, and
previous head trauma. Despite relatively high rates of subjective olfactory recovery, healthcare
providers should counsel their patients according to what factors may or may not influence that
recovery.

ACKNOWLEDGEMENTS
Funded by a grant from the MEDARVA research foundation. The use of the REDCap Database

was partially funded by the National Center for Research Resources (NCRR), Award Number
UL1TR002649.



REFERENCES

1.

10.

11.

Johns Hopkins Coronavirus Resource Center. Johns Hopkins Coronavirus Resource Center.
Accessed August 5, 2021. https://coronavirus.jhu.edu/

Coelho DH, Kons ZA, Costanzo RM, Reiter ER. Subjective Changes in Smell and Taste
During the COVID-19 Pandemic: A National Survey-Preliminary Results. Otolaryngol--
Head Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg. Published online May 19,
2020:194599820929957. d0i:10.1177/0194599820929957

Karimi-Galougahi M, Raad N, Mikaniki N. Anosmia and the Need for COVID-19
Screening during the Pandemic. Otolaryngol--Head Neck Surg Off J Am Acad Otolaryngol-
Head Neck Surg. 2020;163(1):96-97. doi:10.1177/019459982 925056

Meng X, Deng Y, Dai Z, Meng Z. COVID-19 and anosmia. A raview based on up-to-date
knowledge. Am J Otolaryngol. 2020;41(5):102581. doi: L0..916/j.amjot0.2020.102581

Kaye R, Chang CD, Kazahaya K, Brereton J, Dennz~v . COVID-19 Anosmia Reporting
Tool: Initial Findings. Otolaryngol--Head Neck Su.-a C ff J Am Acad Otolaryngol-Head
Neck Surg. https://www.entnet.org/sites/default/fi’es/uloads/kaye_covid-

19 _anosmia_reporting_tool_initial_findings. )d:

Carrillo-Larco RM, Altez-Fernandez C. » nocmia and dysgeusia in COVID-19: A
systematic review. Wellcome Open Re~ 2020;5:94. doi:10.12688/wellcomeopenres.15917.1

Saniasiaya J, Islam MA, Abdullah b. Prevalence of Olfactory Dysfunction in Coronavirus
Disease 2019 (COVID-19): A N eta- ~nalysis of 27,492 Patients. The Laryngoscope.
2021;131(4):865-878. doi:10 220" ary.29286

Tong JY, Wong A, Zhu D, ~astenberg JH, Tham T. The Prevalence of Olfactory and
Gustatory Dysfunction in COVID-19 Patients: A Systematic Review and Meta-analysis.
Otolaryngol--Head M~k Curg Off J Am Acad Otolaryngol-Head Neck Surg. 2020;163(1):3-
11. d0i:10.1177/716159¢ 820926473

Hopkins C, Surda P, Whitehead E, Kumar BN. Early recovery following new onset
anosmia during the COVID-19 pandemic - an observational cohort study. J Otolaryngol -
Head Neck Surg J Oto-Rhino-Laryngol Chir Cervico-Faciale. 2020;49(1):26.
doi:10.1186/s40463-020-00423-8

Reiter ER, Coelho DH, Kons ZA, Costanzo RM. Subjective smell and taste changes during
the COVID-19 pandemic: Short term recovery. Am J Otolaryngol. 2020;41(6):102639.
doi:10.1016/j.amjot0.2020.102639

Cho RHW, To ZWH, Yeung ZWC, et al. COVID-19 Viral Load in the Severity of and
Recovery From Olfactory and Gustatory Dysfunction. The Laryngoscope.
2020;130(11):2680-2685. doi:10.1002/lary.29056



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Lechien JR, Chiesa-Estomba CM, Beckers E, et al. Prevalence and 6-month recovery of
olfactory dysfunction: a multicentre study of 1363 COVID-19 patients. J Intern Med.
2021;290(2):451-461. do0i:10.1111/joim.13209

Coelho DH, Reiter ER, Budd SG, Shin Y, Kons ZA, Costanzo RM. Quality of life and
safety impact of COVID-19 associated smell and taste disturbances. Am J Otolaryngol.
2021;42(4):103001. doi:10.1016/j.amjot0.2021.103001

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data
capture (REDCap)—A metadata-driven methodology and workflow process for providing
translational research informatics support. J Biomed Inform. 2009;42(2):377-381.
doi:10.1016/j.jbi.2008.08.010

Harris PA, Taylor R, Minor BL, et al. The REDCap consort:um: Suilding an international
community of software platform partners. J Biomed Inform. 20°.9;95:103208.
d0i:10.1016/j.jbi.2019.103208

Klopfenstein T, Kadiane-Oussou NJ, Toko L, et al "~a.'res of anosmia in COVID-19. Med
Mal Infect. Published online April 16, 2020. doi:1c 10°.6/j.medmal.2020.04.006

Lee Y, Min P, Lee S, Kim SW. Prevalence arid JDuration of Acute Loss of Smell or Taste in
COVID-19 Patients. J Korean Med Sci. 207:0,.5{18):e174. doi:10.3346/jkms.2020.35.e174

Otte MS, Eckel HNC, Poluschkin L, .“lv.smann JP, Luers JC. Olfactory dysfunction in
patients after recovering from COVID-1. Acta Otolaryngol (Stockh). 2020;140(12):1032-
1035. d0i:10.1080/00016489.2020..211999

Li J, Long X, Zhu C, et al. Olfz~tc, dysfunction in recovered COVID- 19 patients. Mov
Disord. Published online Ma,' 28, 2020:10.1002/mds.28172. doi:10.1002/mds.28172

Stavem K, Ghanima W, O.>en MK, Gilboe HM, Einvik G. Persistent symptoms 1.5-6
months after COVID-1Y » non-hospitalised subjects: a population-based cohort study.
Thorax. 2021;76/4).105- 407. doi:10.1136/thoraxjnl-2020-216377

Petersen MS, Kristiaisen MF, Hanusson KD, et al. Long COVID in the Faroe Islands - a
longitudinal study among non-hospitalized patients. Clin Infect Dis Off Publ Infect Dis Soc
Am. Published online November 30, 2020:ciaal792. doi:10.1093/cid/ciaal792

Vaira LA, De Vito A, Deiana G, et al. Systemic inflammatory markers and psychophysical
olfactory scores in coronavirus disease 2019 patients: is there any correlation? J Laryngol
Otol. 2021;135(8):723-728. doi:10.1017/S0022215121001651

Saussez S, Sharma S, Thiriad A, et al. Predictive factors of smell recovery in a clinical
series of 288 coronavirus disease 2019 patients with olfactory dysfunction. Eur J Neurol.
Published online June 22, 2021. do0i:10.1111/ene.14994

Makaronidis J, Firman C, Magee CG, et al. Distorted chemosensory perception and female
sex associate with persistent smell and/or taste loss in people with SARS-CoV-2 antibodies:



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

a community based cohort study investigating clinical course and resolution of acute smell
and/or taste loss in people with and without SARS-CoV-2 antibodies in London, UK. BMC
Infect Dis. 2021;21(1):221. doi:10.1186/s12879-021-05927-w

Petrocelli M, Cutrupi S, Salzano G, et al. Six-month smell and taste recovery rates in
coronavirus disease 2019 patients: a prospective psychophysical study. J Laryngol Otol.:1-
6. doi:10.1017/S002221512100116X

Akerlund A, Bende M, Murphy C. Olfactory threshold and nasal mucosal changes in
experimentally induced common cold. Acta Otolaryngol (Stockh). 1995;115(1):88-92.
doi:10.3109/00016489509133353

Lovato A, de Filippis C. Clinical Presentation of COVID-19: "« Systematic Review
Focusing on Upper Airway Symptoms. Ear Nose Throat J. "cYh hed online April 13,
2020:145561320920762. d0i:10.1177/0145561320920762

Foster KJ, Jauregui E, Tajudeen B, Bishehsari F, Mah jav:~ia M. Smell loss is a prognostic
factor for lower severity of coronavirus disease 201C A, Allergy Asthma Immunol.
2020;125(4):481-483. doi:10.1016/j.anai.2020.07.:23

Yan CH, Faraji F, Prajapati DP, Ostrander B, "JeConde AS. Self- reported olfactory loss
associates with outpatient clinical course ir. Co*#d- 19. Int Forum Allergy Rhinol.
Published online April 24, 2020:10.10%2,11r.22592. doi:10.1002/alr.22592

McLendon LA, Kralik SF, Graysnn PA, Colomb MR. The Controversial Second Impact
Syndrome: A Review of the Literatu-e. Pediatr Neurol. 2016;62:9-17.
doi:10.1016/j.pediatrneurol.201(..05. "9

Fehily B, Fitzgerald M. Renc ted Mild Traumatic Brain Injury: Potential Mechanisms of
Damage. Cell Transplant. .117,26(7):1131-1155. doi:10.1177/0963689717714092

Yong SJ. Long COV!M ¢~ nost-COVID-19 syndrome: putative pathophysiology, risk
factors, and treatme.ts. ) fect Dis Lond Engl.:1-18. doi:10.1080/23744235.2021.1924397

Desiato VM, Levy DA, Byun YJ, Nguyen SA, Soler ZM, Schlosser RJ. The Prevalence of
Olfactory Dysfunction in the General Population: A Systematic Review and Meta-analysis.
Am J Rhinol Allergy. 2021;35(2):195-205. doi:10.1177/1945892420946254

Nordin S, Monsch AU, Murphy C. Unawareness of smell loss in normal aging and

Alzheimer’s disease: discrepancy between self-reported and diagnosed smell sensitivity. J
Gerontol B Psychol Sci Soc Sci. 1995;50(4):P187-192. doi:10.1093/geronb/50b.4.p187

10



Table 1. Sense of smell recovery rates at each survey timepoint.

Number of Survey Respondents n (%

~—

Baseline Survey 1231 241 (19.58)
14 Day Survey 804 418 (51.99)
1 Month Survey 796 522 (65.58)
3 Month Survey 760 564 (74.21)
6 Month Survey 798 634 (79.45)
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Table 2. Sense of smell recovery by patient demographic characteristics.

Overall Recovered Abnormal Smell value
N =798 N = 634 N = 164 P
AgeGroup 4%9”5 457 (57.3) 380 (83.2) 77 (16.8) 0029
>40years a1 407 254 (74 2
oid (42.7) 54 (74.5) 87 (25.5)
RaceA White 625 (78.5) 490 (78.4) 13521.6) 1258
Non-white 171 (21.5) 143 (83.6) 28(1,.4)
Sex?® Female 643 (80.9) 505 (78.5) 178 (21.5) 2244
Male 152 (19.1) 126 (82.9° 26 (17.1)
N Never .
Smoking history Smoked 567 (71.1) 449 (79.2) 118 (20.8) 6971
Currently ’
Smoke 46 (5.8) o' (73.9) 12 (26.1)
Quit After ‘
Jan 1. 2020 25(3.1) 20 (80.0) 5(20.0)
Quit Before g
Jan 1, 2020 160 (2.1, 131 (81.9) 29 (18.1)
Normal
BMI Group © Weight 20+ /44.6) 248 (81.6) 56 (18.4) .1558
Overweigh’ 182 (26.7) 135 (74.2) 47 (25.8)
Obese 196 (28.7) 153 (78.1) 43 (21.9)
Blood Type?® Type A 168 (41.2) 127 (75.6) 41 (24.4) .1660
Type B 45 (11.0) 36 (80.0) 9 (20.0)
Type AB 29 (7.1) 17 (58.6) 12 (41.4)
Type O 166 (40.7) 117 (70.5) 49 (29.5)
A (2 missing), & (3 missing), < (116 missing), ® (390 missing)
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Table 3. Sense of smell recovery and co-existing COVID symptoms.

Overall

Recovered

Abnormal Smell

N =798 N =634 N = 164 p-value

Number of Symptoms 1 49 (6.1) 40 (81.6) 9(18.4) .9689
2 68 (8.5) 55 (80.9) 13 (19.1)
3 108(13.5) 86 (79.6) 22(20.4)
4 106 (13.3) 83 (78.3) 23 (21.7)
5 125(15.7) 103 (82.4) 22 (17.6)
6  139(174) 110 (79.1) 29 (20.9)
7 101(12.7) 78 (77.2) 23(7%2.R)
8 74 (9.3) 59 (79.7) e 20.7)

9 28(3.5) 20 (71.4) b “3.6)

Difficulty breathing No 543 (68.0) 447 (82.3) 96 (17.7) .0039
Yes  255(32.0) 187 73.o, 68 (26.7)

Cough No 327 (41.0) 2,7 1.8.3) 70 (21.4) 6188
Yes  471(59.0) 377 (80.0) 94 (20.0)

Fever No  431(54.0) 39 (78.7) 92 (21.3) 5469
Yes 367 (<" 0) 295 (80.4) 72 (19.6)

Weakness or Fatigue No 173(.'7) 144 (83.2) 29 (16.8) 15659
Yes ©15178.3) 490 (78.4) 135 (21.6)

Muscle Aches No %16 (39.6) 261 (82.6) 55 (17.4) 0727
Yac 482 (60.4) 373 (77.4) 109 (22.6)

Diarrhea No  491(61.5) 391 (79.6) 100 (20.4) 8703
Yes 307 (38.5) 243 (79.2) 64 (20.8)

Nasal congestion/stuffy nose No 259 (32.5) 194 (74.9) 65 (25.1) .0295
Yes 539 (67.5) 440 (81.6) 99 (18.4)

Runny nose No 504 (63.2) 400 (79.4) 104 (20.6) 9390
Yes 294 (36.8) 234 (79.6) 60 (20.4)

Headache No 195(24.4) 160 (82.1) 35(17.9) 2953
Yes 603(75.6) 474 (78.6) 129 (21.4)
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Table 4. Sense of smell recovery and comorbidities at 6 month survey

Overall  Recovered AbSn;LrlrllaI p-value
N =798 N =634 N = 164
Number of Comorbidities 0 409(51.3) 326(797) 83 (20.3) 9287
1 269(33.7) 212(78.8) 57 (21.2)
2 92(115) 75(815) 17 (18.5)
3 22(28) 16 (72.7) 6 (27.3)
4 5(06) 4 (80.0) 1(20.0)
5 1(0.1) 1(100.0) 0(0.0)
Diabetes No 778(97.5) 616 (79.2) 162 120.3 1999
Yes 20(2.5) 18 (90.0) 205
Cardiovascular Disease No 711(89.1) 572(80.5) 139 (19.5) .0537
Yes 87(10.9) 62(713, 25(28.7)
Seasonal Allergies No 508 (63.7) 39 ‘77.0) 112 (22.0) 1631
Yes 290(36.3) 238(82.1) 52 (17.9)
Chronic Sinus Infection No 766(96.0) 6./ (79.2) 159 (20.8) 4675
Yes 32(= 1) 27 (84.4) 5(15.6)
Nasal Polyps No 723(:"4) 629(79.3) 164 (20.7) 1286
Yez  17J.6) 5(100) 0(0.0)
Chronic Respiratory Diseace N 721(90.4) 574 (79.6) 147 (20.4) 71293
Vis  77(96)  60(77.9) 17 (22.1)
Neurological Disease No 796(99.7) 632(79.4) 164 (20.6) 3371
Yes 2(0.3) 2(100.0) 0(0.0)
Previous Head Injury No 767(96.1) 615(80.2) 152 (19.8) .0181
Yes 31(3.9) 19 (61.3) 12 (38.7)
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Overall

Recovered

Abnormal Smell

N=793  N=629 N=164  Pvale

Number of Medications Taken 0 149 (18.8) 110(738)  39(262) 02424
1 422(532) 345(818)  77(182)
2 184(232) 146(79.3)  38(20.7)
3 3T@T) 27(73.0) 10 (27.0)
4 1041 1(1000) 0(0.0)

Tylenol No 310(30.1) 243(784)  67(210 06044
Yes 483(60.9) 386(79.9) 9701

NSAIDs No 483(609) 380(787)  173.1.3) 05753
Yes 310(30.1) 249(80.3)  51(19.7)

Zithromax No 703(887) 556/721)  147(209) 06526
Yes 90(113) 73,3.1) 17 (18.9)

Remdesivir No 790(996) t28(795)  162(205)  0.0852
Yes 3(04)  1(333) 2 (66.7)

Hydroxychloroguine No 77°(1) 620(797)  158(203)  0.0855
Yes I5(19)  9(60.0) 6 (40.0)

Chloroquine NU - 109(99.5) 625(79.2) 164 (20.8) 0.1728
Ves 4(05)  4(1000) 0(0.0)

Table 5. Sense of smell recovery and medications
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